Case 1
A four-year-old boy was admitted to hospital for investigation of a chest infection which had been refractory to antibiotic therapy. He had a two-week history of a dry cough. intermittent pyrexia and progressive dyspnoea. The degree of dyspnoea did not vary with position and he had no difficulty in sleeping. Physical examination revealed a pyrexia of 38 QC and a respiratory rate of 48 breaths per minute. There was dullness to percussion and decreased air-entry on the left side of his chest. A chest X-ray revealed an enlarged mediastinum, a narrowing in the trachea and a left pleural effusion. Although a pleural tap was performed, it proved unhelpful in finding a diagnosis and a brochoscopy/mediastinoscopy was scheduled.
Premedication consisted of oral phenergan 2 mg/kg, which was given one hour prior to surgery. Because narrowing of the trachea was suspected, several endotracheal tubes of various sizes, a rigid paediatric bronchoscope and a range of introducers were prepared. Monitoring included a pulse oximeter, an ECG and non-invasive blood pressure. Anaesthesia was induced using an inhalation technique with halothane and 50070 nitrous oxide in oxygen. Bronchoscopy revealed a marked narrowing at the lower third of the trachea. A 5.0 mm uncut reinforced endotracheal tube was then placed in the trachea. Shortly afterwards he developed cyanosis and airway obstruction which was overcome by advancing the endotracheal tube beyond the obstruction. A mediastinoscopy was performed and biopsies were taken. A further episode of airway obstruction occurred, which was again successfully managed by advancement of the tube. A chest X-ray taken after the procedure revealed that the tracheal tube was down the right main bronchus ( Figure I) . Chemotherapy, which included vincristine and prednisolone, was commenced. The patient was electively ventilated via the right main bronchus for two days, following which it was withdrawn into the trachea as the size of the mediastinal mass had decreased to some extent. A diagnosis of T-cell non-Hodgkin's lymphoma was made on the biopsy specimens. The patient was extubated ten days postoperatively.
Case 2
A nine-year-old boy was admitted following a onemonth history of a cough and progressive dyspnoea. Physical examination revealed a respiratory rate of 30 bpm and a decrease in air entry on the left side of his chest. On the chest X-ray ( Figure 2 ) taken 24 hours preoperatively, there was an enlarged mediastinum but the trachea did not appear to be narrowed significantly. He was scheduled for a mediastinoscopy in order to biopsy the mediastinal mass. Because narowing of the trachea was a possibility, endotracheal tubes of various sizes and a rigid bronchoscope were available. The child was premedicated with oral phenergan 2 mg/kg. Anaesthesia was induced using an inhalational technique with halothane, nitrous oxide 50070 and oxygen. Respiratory distress followed and tracheal intubation could not be achieved because of an obstruction in the trachea. A rigid bronchoscope was then passed into the trachea but it could not be advanced far beyond the glottis. A cardiac arrest followed and resuscitative measures were unsuccessful. A post mortem X-ray revealed a large mediastinal mass occupying most of the thorax (Figure 3 ). Autopsy revealed a large T-cell non-Hodgkin's lymphoma which totally obliterated the trachea. There was no involvement of the heart or great vessels.
Case 3
A ten-year-old boy was admitted with a six-month history of cough and progressive dyspnoea on exertion. In the two weeks prior to admission he had become dyspnoeic at rest and complained of abdominal pain associated with diarrhoea. On examination he was obese (weight 50 kg, height 122 cm) and had a respiratory rate of 28 breaths per minute. Palpation of the pulse revealed a pulsus paradoxus with a rate of 100 per minute. The blood pressure was 1l0/70 and the expiration to inspiration difference in systolic blood pressure was 20 mmHg. There were no signs of venous distension in the neck. The heart sounds were muffled and there was a three centimetre non-pulsatile liver. A chest X-ray demonstrated a widened mediastinum which on echocardiography was shown to be due to a large pericardial effusion. Pericardiocentesis under sedation was scheduled.
Following placement of a pulse oximeter, an electrocardiograph and a non-invasive blood pressure cuff, an I8-gauge cannula was placed in a forearm vein. It was decided to use ketamine for sedation in order to minimise depression of cardiac function, in combination with diazepam in order to prevent the psychomimetic effects of ketamine. He was initially given ketamine 50 mg and diazepam 2 mg; however, the total dose given during the procedure was 200 mg of ketamine and 5 mg of diazepam. On the introduction of the pericardial drain there was a sudden onset of bradycardia and cyanosis. He was given atropine 0.6 mg and suxamethonium 100 mg intravenously for subsequent tracheal intubation. Atracurium 25 mg was given when muscle function had returned. Drainage of the pericardial fluid was continued and 370 ml of blood-stained fluid were collected. Neostigmine 3 mg and atropine 1.5 mg were given at the end of the procedure. He remained unresponsive despite adequate reversal of neuromuscular blockade and he was given flumazenil 400 {tg, following which he became fully alert.
A diagnosis could not be made on examination of the pericardial fluid and pericardiocentesis was repeated under general anaesthesia two days later. On this occasion anaesthesia was induced using an inhalational technique with isoflurane, nitrous oxide and oxygen. Following tracheal intubation the lungs were ventilated and fentanyl 100 {tg was given to supplement anaesthesia. During the procedure marked hypotension developed, associated with a tachycardia of 130 bpm. Following pericardiocentesis and removal of 100 ml of fluid the blood pressure improved. Again no diagnosis was possible on the fluid taken. He underwent an uneventful general anaesthetic for mediastinoscopy and biopsy. The biopsy indicated a diagnosis of T-cell non-Hodgkin's lymphoma.
DISCUSSION
These three case reports illustrate the respiratory and cardiac effects of mediastinal masses and the complications that may occur with general anaesthesia in these patients.
In the first two cases the problem was caused by the tumour compressing the tracheobronchial tree, which is the most common problem encountered in these patients. 1."' Case 1 revealed how suddenly airway compression can develop as a result of a mediastinal tumour in conjunction with anaesthesia. Although advancement of the endotracheal tube proved to be successful in overcoming the airway obstruction, it is noteworthy how the degree of airway obstruction progressively worsened during the procedure. This may have occurred due to oedema or bleeding within the tumour. A reinforced tube is useful in such cases as the tumour may compress a normal tube. In Case 2 it appears that there was a massive increase in tumour size between the preoperative and post mortem chest X-rays. The increase in size may have been due to tumour growth, as these tumours have a high mitotic rate and there was a 24-hour period between these two X-rays. 11 A plain chest X-ray is not accurate in assessing the size of a mediastinal mass or the degree of airway narrowing and such cases should have a preoperative computerised tomography (CT) scan. " Case 3 demonstrates how a mediastinal mass may cause cardiovascular embarrassment. Previous cases have shown how dangerous anaesthesia is when there is tumour involvement of heart or great vessels. J The cause of the bradycardia and cyanosis in Case 3 is not clear. Pressure from the pericardial drain may have exacerbated the degree of cardiac tamponade from the pericardial effusion. In addition there may have been respiratory depression as the patient was obese and the dosage of sedative drugs was excessive. One of the factors leading to over-sedation in this case may have been the use of an upper limb vein. These tumours can cause superior vena caval obstruction which makes it difficult to titrate drug dosage to a desired effect as the effect of the drug would be delayed. Ketamine is probably the agent of choice for a patient with cardiac compromise as it possesses sympathomimetic properties. IJ However, this procedure could have been performed using lower doses of sedative agents. During the subsequent general anaesthetic in Case 3 the episode of hypotension appeared to have been caused by the pericardial effusion as the problem was corrected by pericardiocentesis.
If anaesthesia is required in a patient with marked cardiac or respiratory compromise, the preoperative assessment is vitally important. In addition to clinical assessment these patients require CT scanning to accurately assess the involvement of the airway and cardiovascular structures. Flow/volume loops should also be performed to confirm the degree of airway obstruction. If cardiac compromise is suspected, echocardiography can give an assessment of contracility; however, magnetic resonance imaging should be performed as it accurately assesses tumour involvement of cardiac structures. 14 If there is significant cardiac or respiratory compromise, general anaesthesia should be avoided and treatment of the tumour commenced based on a presumptive diagnosis.
During surgery there are many factors which may exacerbate the respiratory or cardiac compromise caused by a mediastinal mass. The supine position tends to exacerbate the problem, as most of these tumours are in the anterior mediastinum and therefore the pressure effect from the mass is greatest in the supine position. If airway obstruction occurs, turning the patient into the prone position may be helpful. Surgery may cause oedema or haemorrhage, resulting in an increase in tumour size. Anaesthesia itself appears to have a detrimental effect in patients with a mediastinal mass. It has been shown that anaesthesia, especially in the supine position, is associated with a decrease in functional residual capacity due to both a decrease in tone of the muscles in the chest wall and an increase in the thoraco-abdominal blood volume. Il The effect of anaesthesia appears to be exacerbated by muscle paralysis as this causes a further cephalad shift in the diaphragm, with a greater decrease in lung volume. 16 Decreases in lung volume reduce the distending pressure on the trachea and promote collapse of the already narrowed airway. It is worth noting that there is no place for tracheostomy in the management of airway compromise in these patients. This appears to be obvious, as the site of the obstruction is well below a tracheostomy site, although this procedure has been mistakenly used in such cases. 4.10 If a general anaesthetic is required in patients with marked respiratory or cardiac compromise, cardiopulmonary bypass facility should be available. This facility could have been life-saving in Case 2, but it was not available.
The policy of this hospital now is to avoid anaesthesia if the cardiorespiratory compromise is marked, and a course of chemotherapy using vincristine and prednisolone is given. When there are clinical signs of tracheobronchial obstruction this is assessed with a CT of thorax and flow/volume loops. The degree of cardiac involvement if suspected clinically is best confirmed by magnetic resonance imaging. Most of these tumours are very sensitive to both chemotherapy and radiotherapy, and anaesthesia in a child with severe cardiac or respiratory difficulty can be avoided. Although presumptive treatment can confound the diagnosis, a good response to chemotherapy is almost diagnostic of lymphoma.
